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PREFACE

The work reparted herein was conducted by EXTREL Corporation, 240 Alpha Drive,
Pittsburgh, Pennsylvania 15238 for Arnold Engineering Development Center (AEDC), Air
Force Systems Command (AFSC), Arnold Air Force Base. TN, under Phase | of Smalt
Business Innovation Research (SBIR) contract number F40600-89-C-0013, during the
period September 1889 1o February 1990. The Air Force Project Manager was Ms.
Marjorie S. Collier. The principal investigator was Dr. Seksan Dheandhanoo of EXTREL
Corporation. The reproducibles used in this raport were supplied by the author.
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INTRODUCTION

Contract No. F40600-89-C-0013, which was a Phase 1 contract under the Air Forcg Small
Business Innovation Research program, was awarded o Extrel Corporation in September, 1983,
The work undanaken was the design, prototyps construction and testing of membrane interlaces
(M1 which will be used in conjunction with quadrupole mass spectrometers (QMS) for continuous
water monitoring.

Shortly after the Phase | work commenced, EXTREL personnel (Dr. Seksan
Dhearxlhanoo and Dr. Steaphen M. Penn) visited Arnold Air Force Base technical personnel
(Marjorie Collier and Judy McLean) io discuss the details of the project. Ms. Collier and Ms.
McLean described the water demands and the distribution system at AEDC. The discussions
included compounds of interest, deteclion levels, response limes and alarm capabilities. A Est of
organic compounds that are of special Interesi 1o Arncld AFB was also given o EXTREL
personnel.

During the first threa months of the project, the primary focus of the work was 1o design
and construct the interfaces. Samples of permeable membxanes were ordered from two vendors.
We faced a few problams during the testing. One major problem was the exisience of
background gas In the vacuum chamber which housed tha QMS. Since a detection limit Is in the
low parts per billion (ppb) range is required, the signal from the background gas has a significant
effect on the detection limit.

We were able to eliminate most of the problams and conduct the exparimental work in the
lagl thrae months of the project. The MI's were testad with aqueous solulions of the
recommended organic compounds.

The results of the experiments lead us to conclude that the MIYQMS is capable of
detecting most of the recommended compounds in waler at levels as low as 15 ppb with a
response time of lass than 2 minutes. We plan to submit a Phase 1l SBIR proposal which involves
construction of the instrumant for eptimization of thesae types of measurements.
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BACKGROUND

The permeation mechanism of gas or vapor through a mambrane s basically simple. it was
iound that the flow rate of the permeating gas through a membrane depends on the membrana
1hickness, partial pressure differance across tha membrana, suriace area of the membrane and
permeability.{1) The permeability is also an Intrinsic function of the solubility and diftusion rale of
the permeating gasas and temparature of the membrane.

Several types of permeabillty-selective membranes, such as Teflon™, silicone rubber
membranas and polyvinyl chioride have been used praviously for the separation of gases and
volatile compounds from liquid matrices. The plonaer work of Weslover and co-workers(2)
indicaled that silicone-rubber membranes ware superor to other types of membranes with
respect to their permeabilily. Furlhermore, silicone-rubber membranes are paricularly suitable for
measuring non-polar volatile compounds In aqueous solutions because they are almost
Impermeable 10 polar molecules, such as water, Praevious experimental studles indicated the Mi's
capability of analyzing organic volatile compounds and dissolved gas in water.(3.4)
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INSTRUMENTATION

Two forms of permeable mambranes are commarcially available: tubing and sheet. Extrel
dasigned two types of membrana intarfaces to accommodate both forms of the membranes: 1) an
imterface for membrane tubing and 2) aninterlace for sheet membranes.

Intertace for Membrane Tubing

A schematic of this type of interface is shown In Fig. 1. This iMerlace is quile simple and
gasy 1o assemble, The intarlace cansists of Dow Corning Silastic™ tubing membrane, which Is a
slicone membrane. The membrane tubing was of 0.037" OD and 1.5 long. Tha wall thickness
of the membrane tubing was 0.008". The membrane tubing was located inside an 1/8" stainless
sleel {SS) tube. The SS tube was wrapped with heating tape so that the Yamperaiure of the
interface could be elevated.

Aqueous solution is Inlroduced into one end of the interface and flows out at the other
end, without prior preparation. If the solutich contains some large particulates, a filter should be
used to prevent clogging. Analytes that pass through the membrane will be iransterred into the
QMS via the SS tube. The tempsrature of the SS lubing was ralsed to about 80 9C 1o avold the
condensation of the analytes. The actual temparature of the membrang was not measured.
However, the temperature of the membrana shouid be lower than that of $S tube due 1o the
continuous flow of solutions. |Increasing the tamperaiure of the membrane results in higher
diffusivities and decreases the response time of the membrane.(5)

Interface for Sheet Membranss,

An inlerface for sheel membranes was designed for use with the GE MEM 213™
membrana. This type of membrane is different from the silicone membrane and is not available in
tubing ferm. Although 1ihe permeability of the MEM 213™ membrane is not as good as silicone-
rubber membranes, it is strongar than the silicone membrane. The MEM-213™ mambrane can
also be used at higher temperatures. We planned to experiment with this type of the membrane
only in cases where chemicals do not permeate the siicone-rubber membrane.

A diagram of the interlace Is shown in Fig. 2. The interface is composed ol two identical
slainless steel pigces. The sheet membrane Is sandwiched between these twa pleces. The seal
between the top and the bottom places dapends on the elasticity of the membrane itseif. The
temperature of the interface can be raised by a pair of heaters which are localed in both the top
and the botiomn pieces

Aqueous solution Is imtroduced in the bottom pieca. The analytes thal permeate the
membrana will be transmitted through circular channals, In tha 1op plece, Into the OMS. The
operaling lemparature of this interface was ~ B0 °C,

This type of Ml was used only in cases where the Sllaslic ™ membrane tubing is not
appiicable. In this project, this typa of M was used only for ethylana glycol.
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The MI interfaces were Integrated 1o an Exirel QMS. The QMS control and data analysis
were done by a 286 personal computer and a Teknivant data system. Agqueous solutions of
recornmended chemicals of varlous concentrations ware used to test the MIZQMS instrument.

Quadruple Mass Spectrometer (QMS) and lonizer

An EXTREL QMS was used during the course of this experiment. The diameter of the
quadrupole rods was 3/8". The QMS has the capability to analyze ions of mass as high as 2000
amu and can be controlled manually or operated by the computer. Manual control mode is very
useful during the set up of the expariment. Once an optimal operational condilion was obtained,
the QOMS was swilched to computer controlled mode.

For reasons discussed in the next section, an elactron Impact ionization source was
placed in front of the QMS. The analyles that entered the lonizer underwent etectron impact
ionization by 70 eV elacirons. The electron impact ionization technique was chosen for
generating analyte ions because of its simplicity. This ionization technique is suitable for process
applications, such as continuous water monitoring. The energy of the elecirons was set at 70 sV

&0 that standard mass spacira can be used as a referance. A diagram of the QMS and the ionlzer
is shown in Fig. 3.

lons that are selected by the QMS are detected by a analog channeltron multiplier which is
mourtad behind the QMS. The gain of he analog multiplier can be controlled by adjusting the
muliiplier high voltage. The analog signals from the mulliplier are fed to the camputer.

10
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EXPERIMENTAL

C ison of lonization Techni

The purpose of this portion of work is to find the most suitable ionization technique for
continuous water monitoring application. The technique should be simple, gasy 1o operate and
provide high sensitivily.

Two common lonization techniques, which were considared for this application, were
slectron impaci ionization (El) and chemical lonization (Cl). The El is actually simpler than the Cl in
tarm of operations.

Cl is a softer tonization technique. The principle of Cl can be described by the following
reactions:

R + ¢ - R o+ 20
election impact
R +R - ReH)* + BH)
H-ransfer
{ReH)* + A - AHY + R

A reactant gas molecule R, such as CHy, is ionized by normai electron impact lonization,

The excited molecular ion [ R*]" then undergoes H-transier reaction to form a protonated ions
(R+H)*, such as CHs*, and then the primary protonated ion (R+H)* reacts further with the analyte

molecule, which results in protonated analyte ion AH*, see the following example:
CHy + & - [CH + 2e°
[CHeY +CHy —  CHg* + CHg
CHgt + A — AMF 4+ CHy

In the CI technique, most of the analyte molecules form protonated molecular ions and
generate very few fragment lons. Most analyte moleculss have sufficient time for the H-transfer
reaction with primary protonaled ions. Therelore, Cl is can be more sensiiive than EI.

The comparison experiments were performed using an EXTREL GC/MS Instrument. The
mathane positive Cl spectrum and the E1 spectrum of 10 ng of benzene is shown in Figs. 4(a) and
4{b), respectively. The dominant ion in the Cl spectrum is 1he ion of mass 79 which is protonated
benzene. The dominant ion in the El spectrum Is an ion of mass 78 which is a molgcular ion. The
intensity of mass 79 in Cl spectrum is 12917 and the intensity of mass 78 in El spectrum is 21321.

11
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This indicales that El Is more efliciant than C! In the EXTREL source that was used in this
expariment.

The same axperiment was repaated for toluana. The C! and El spacirum of toluanag is
shown In Figs. 5(a) and 5(b), respactively. The ion intansity of prolonatad toluane (mass 93 in the
CI spectrum) is lower than that of mass 91 in the El spectrum.

The negaliveé mathane Cl technique was tested with chlorinated compourds, such as
meihylene chloride. Negative methane Cl is not a true nagatlve C! In this case. It is actually an
alactron capture technique used to form negative lons. The negative ions of the chlorinated
compounds areé mostly negative chloring lohs. Fig. 6{a) and &(b) show the El spectrum and
nagalive ion spectrum of methylena chloride, respactively.

The results of this portion of the exparimant shows that El is more sullable for a water
monitoring application than CI. Therefore, £l was chosen as the ionization technique for this
application.

Sample Preparation

Studies of the sensitivity and rasponse of the MI/QMS to volatile arganic compounds in
watler require standard solutions of known concenirations. Many of these compounds did not
dissolve well in water. In such casas, the chemicals were dissolved in a small amount of methanol
and then diluted with distilled water to obtain stock solutions. The mass concantration of the
stock solutions was 1 ng of the chemical In 1 ul of distilled water, which corresponds to 1 part per
million (ppm). For the same solution, mass concentration is usually higher than molar
concentration. The difference in the value batwean mass concentration and molar concentration
depands on the molecular welght of the chemical. For exampla, 1 ppm of mass concentration of
benzene salution is equivalent to 0.23 ppm of molar concentralion.

The nameas of chemicals which wera used In this experimeni ara listed below:

Benzens

Carbon tetrachlorida
Chlorobenzena
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2-Dichloroethane
1,1-Bichioroathane
Ethyibenzene
Methylene Chloride

10. 1.1,2,2-Tetrachloroethane
11. Toluena

12. 1,1,1-Trichloroethanea
13. Trichloroethene

14. Trichlorofkucromethane (Freon NIy
15. Xylenes

NS OAQD D=

12
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16. Ethylene glycol
17. Qi

In ordar 1o oblain solutions of concentrations lower than 1 ppm, we diluted the stock
solutlon with distilled water. Two dilution meihods were used during the course of this
experiment.

1. In the first method, standard solutions of lower concentralions were prepared by a
50% dilution of the next higher concentration. For example, we mixed equal amounis of the stock
solution of 1 ppm and distilled water, which resulted in a 500 parts per billion (ppb) solution,
Again, equal amounts of ihe 500 ppb salution and distilled water were mixed to oblain a 250 ppb
solution.

Wa discovered later that 1his is not an accurate method for preparing standard solutions of
low concentrations, especially for highly volatile compounds. Although this mixing technique 1s
relativaly easy and fast, the solutions were exposed 1o air anx were transferred many times during
the preparation. The loss of the chernicals due to evaporafion was significant and caused an emor
in the concemrations of the solutions. We suspect that chemicals also adhered 1o the wall of glass
containers.

2. The second method provided higher accuracy but it was time consuming. To mini mize
the evaparation of the chemicals, all the slandard solutions of lower concenirations were prepared
directly from the stock solution of 1 ppm. For example, a 25 ppb solution was prepared by adding
5 ml of 1 ppm stock solution to 195 mil bf distilled water. This technique was used 1o make
solutions of 15, 25, 50, 100, 250, 500, and 1000 ppb for all of the chemicals.

In addition, all the standard solution bottles were silanized, In order to prevent the
adherance of chemicals to the walls of the glass bottles,

Sample infroduction

Aqueous solutions were introduced into the M1 by means of a syphoning technique. It
was discovered from previous experiments that the response of the membrane depended on the
sample fiow rate.(8] The optimum flow rate for volatlle organic compounds was between 0.3-0.5
mUmin. n this experiment the fiow rate of the sample was controlled by adjusting the height of the
sample reservoir. A flow rate of 0.5 miAmin was used throughout the experiment.

Data Analysis
An Everex 286/12 PC and a Teknivent data system, model Vector/One, were used o
control the OMS and analyze the data.

Once analytes entered the lonizer, they wera ionized by 70 eV electrons. The mass
spectra that were generated from each chemical can be found in standard references. Each
chemical produced several fragment lons of various intensities. To analyze any chemical, ong can
monitor all the fragment lons simultaneously and compare the lon spectrum with the reference

13
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spectrum. Howevar, this is not practical for process applications. A better fechnique would ba to
manitor anly one or two selacted fragment ions. The critaria for seleclions are as foliows:

1. lon intensity. We prefer the fragment ions that have high infensities. High ion
intensity will improve the signal to noise ratic which rasults in kvwer detection limi,

2. Background intensily. Low background Intensity will incraasa the sensitivity of the
instrument. For example, tha fragment lon of mass 32 amu s not desirable because lons of mass

32 ara also O,*. There are always some oxygen molecules prasant in the vacuum sysiem even at
the pressure as low as 1x10°7 torr, Therefore, background ion intensity at mass is 32 always high.

The computar was set to monitor ions in the mass ranga of imerest. lon intensities of all
the iens in that mass range are recorded as a funclion of time and storad In the memory, The
quaniities of the analytes were delermined by obsarving the lon intensities of the selectad lons.

The background jon intensity was established by intreducing distilled water inlo the
inerface and monitoring that ion for about 10 minutes or unil the lon signal was stable.

For exampie, the inlensity of benzene ions (78 amu) as a function of time is shown in Fig.
7a. Distilled water was introduced into the MI for 12 minutes and then replaced by 25 ppb
aqueous solution of benzene. The solution flowed through the M1 for 8 minules, afler which it
was replaced with distilled waler. Measurements of background Intensity were taken befora @ach
introduction of aqueocus solutions of a different concentration.

In this experiment, response fima is defined as the timea between the introduction of the
sclution and the time when the ion signal reaches the maximum ievel. As shownin Fig. 7a, a 100
ppb solution of benzene was introduced into the Ml at the 431 minute, the ion signal of mass 78
started to Increased immediately and reached the maximum level at the 4511 minute. Therelore,
the rasponse time for benzene is about two minutes whan the tamparature of the S5 tube is
about 80 °C. Changes in temperature should result in changes In response time.

The aentire ion spectrum in the mass range of interest was storad in the computer. For
example, the lon spactrum between masses 45 and 90 amu during tha 40th minute of the
axpeariment is shown in Fig. 7b. At this time only distilled water was introduced into the interlace.
Tharalore, this is a background spectrum, Fig. 7c shows the spectrum of the same mass range
during the 5010 min. Af this time the distllled water was replaced by an aqueous solution of
benzene. Therelore, this spectrum is composed of the benzene spectrum ang the background
spectrum. By doing background subtraction of the mass specirum in Fig. 7¢, ihe benzene mass
spectrum can be oblained (see Fig. B). The lon spectrum s very useful in the identification of
chemical species in the solution.

In order to show the response of the MIJQMS instrumeni to the diferent concantrations
of the chemicals, the ion intensities in arbltrary units were plot as a lunction of concentration. The
rasponse of the MI to diflerent chemicals depends on tha nature of the chemicals, In favorable
cases such as benzene, the ion infensity of ions ol mass 78 is very high even at 25 ppb solution.
Therelore, 1he gain of the multiplier was reduced so that the lon intensity at 1,000 ppb would not
exceed the dynamic range of the compuler. In cases where the response was poor, such as

14
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carbon tetrachloride, the gain of the muliplier was increased so that we could analyze the
chemicals at very low concentrations.

The OMS that was used in ihis exparimaent showed a sight mass discrimination betwsan
lons of differeml masses. For example, the concentrations of mathylene chioride were
determined by monitoring ons of mass 49, and trichloroethene was determined by monitoring
ions of mass 130. The resolution of the QMS was reduced when the ions of mass 130 were
monitored. This problem can be significantly alleviated if a larger size quadiupole mass
spacirometer (with a dlameter of the quadrupole rod larger than 3/8%) is used. A quadrupole of
374" is proposed for the phase |l instrumant.

The goals of this experiment also include the study of the response of the MIQMS to the
chemicals of concentrations between 15 and 1000 ppb and to determine the detection limit of the
instrument. Tharefore, the multiplier galn and the resolution of the QMS were optimized for each
compound or for a certain group of compounds. Due to differences in operating conditions, the
ion intansities are expressed in 1he arbitrary units.

15
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RESULTS

The MVQMS was tested by using two types of aqueous solutions: 1) solutions composed
of one chemical and 2) mixtures of two or three compounds in the same solution. To avoid
difficutties in analyzing ihe data, the dominant fragment ions of the chemicals in the mixtures do
not have the same mass. The mixture solutions were used 10 study the Interference eflects of
ane compound on other compounds In the solutions.

Irchioroethene

The molecular weight of trichloroethene (s 130 amu. Accarding to the standard mass
specirum, ions of mass 95 and 130 have almost the sama intansilies. The ion of mass 130 amu
was salected for monitoring this chemical bacause the background ion intensity at mass 130 was
much lower than at mass 95.

Standard solutions at concentrations of 31, 62, 125, 250, 500 and 1000 ppb were
prepared by preparation method #1. Fig. 9 shows the ion intensily as a function of solution
concentration. The results were oblained from two consecutive runs. The response Is not linear.
The lon intensities from both runs were reproducible, except at 1000 ppb. The difference
between the 2 sets of experiments is that the 1000 ppb solution In run #1 came directly from the
stock solution immediately befere introducing it into the ML. In run #2, the 1000 ppb solution was
transferred Into a glass container fke other solutions of lower concentrations. The glass container
was not silanized in this case. The ion intansity at 1000 ppb in run #1 was 9000 counis higher
than in run #2.

This effect suggested that the loss of chemicals due to evaporation during preparation
and due to adharence to the glass container is significant. The change in concentration is the
most ikely cause of the non-linearity, not the respansa of the membrane.

The samae effect was also observed in dichloroethane experiments. Standard solutions of
both trichloroathylene and dichloroethane were prepared by method 1.

Another set of standard solutions was prepared by method #2. The resulis obtained from
the latiar set of solutions shows a linear response of the M1 10 this chemical, (see Fig. 10).

L.1:Dichlorpathane

The molecular ion of this compound mass can not generated in significanl amount by
electron impact lonization with 70-eV electrons. The dominant iragment ion Is the ion of mass 63.
Fig. T Ishows the results oblainad from the sel of solutions which were prepared by method #1.
The reason for non-linearity In the response of the membrane was explained above.

Once we discovered that dilution method #1 caused a signiflcant eror in the standard
solutions, ancther set of standard solulions was prepared by using cilution method #2. The
concentration of the solutions varied from 15 1o 1000 ppb. The experimental results, which ware
oblained from the latier set of stock solutions, showed the inear response of M/QMS Instrument
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to this chemical [see Fig: 1f1.). The respanse of the MI/OMS to various concentrations of this
chemicat is shown in Fig. 12.

After we realized that dilulion method No. 1 was not sultable for preparation of the
solutions of volatile compounds, dilution method No. 2 was chosen for praparing all of the
solutions used in this experiment.

1.1.3-Trchlorcethane

lons of mass 87 and 92 ware monitored for this chemical. Athough ions of mass 87 have
a higher intansity, the background al mass $7 is much higher than at mass 89. Fig. 13 shows the
Intensifies of lons of mass 99 at the concentrations between 25 ppb to 1 ppm. The plot of lon
Intensity as a function of concentration is shown in Fig. 14.

Carbon ietraghloride

The dominant fragment ions of carbon tetrachloride are ions of mass 117 amu. lons of
mass 117 amu were monitored as a function of the concentration of this compound in aqueous
solutions. The MI responded linearly to this chemical (see Fig. 14).

Methylene Chioride

Determinalion of this chemical in agueous solutions is done by monitoring ions of mass
49 and B4. The response of the membrane 1o six concenirations of methylena chloride Is shown
in Fig. 15. The concentration ot methylena chloride In water varied from 25 ppb to 1 ppm. The

linear response of the Ml is shown in Fig. 16a. Due 10 the strong response to this compound, the
detection imit can be expected 1o be in the range of ten ppb.

Benzene

The molecular lon of mass 78 was observad as a function of concentration from 25 ppb 0
1 ppm. The M! responded linaarly 10 benzene (see Fig. 16a). Due to the high signal to noise ratio
at 25 ppb, tha detaction limi of banzene can be expected to be lower than 10 ppb.

Methylena Chioride and Banzana

A set of mixtura solutions of methylene chioride and benzene of the concentrations
betwaan 15 ppb 1o 500 ppb were prepared and were introduced into the MI. The rasponse of tha
MUIQMS instrument 1o the mixtures are simllar to the single solution for both chemicals. The finear
rasponse of the instrument 1o these chemicals is shown in Fig. 16b. This suggests that the
interference from the existence of other chemicals in the solution is nil or insignificant. However,
comparing the response lines in Figs. 162 and 16b, there are slight changes in the slopes of the
lines. The standard solutions of the mixtures were freshly prepared. As mantioned earller, slight
grrors In sample preparation can cause a significant change in ion intensities. One should realize
that these chemicals are highly volalile and we are dealing with very low concentrations of the
chemicals In water. Therefore, a slight error in the concentrations of the mixture will contribute to
a noticeable changa in the ion intensities.
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Lylenes

Trace concentralions of xylanes in water were detarmined by observing the ions of mass
91 and mass 108. The lowast concentration of the solution was 25 ppb. The MI responds
strongly to xylenes, therefore, we expact the detection limit 10 be fower than 25 ppb. Flg. 17
shows the linear responsse of the Ml to xylenaes at various concentrations.

1.2-Dichicroethane, Toluene and 1.4-Dichlorobenzens

Mixtures of 1.2-dichloroethane, toluens and 1.4-dichlorobanzene of various
concentrations from 15 ppb lo 200 ppb were used in this experiment. Trace concentrations of
1.2 dichlorpethane, 1oluene and 1,4-dichlorobenzene in the mixiures wera defermined by
monitoring ions of mass 62, 91 and 146, respectively. Plots of the lon Intensities versus
concentrations are shown in Fig. 18.

Ll1.2.2-Tetrachloroethana and Ethylbenzene

Mixtures of 1,1,2,2-tetrachloroethane and ethylbanzens ware analyzed by monitoring
iong of mass 83 and 91, respectively. The MI respandad linaarly to both chemicals, as shown In
Fig. 19. The lowast concentration of standard solution was 15 ppb.

Chiorobenzane and 1.3-Cichlorobenzena

Mixtures of chicrobenzene and 1,3-dichlorobenzene of concentrations of 15, 25, 50,
100, 250 and 500 ppb were used In the experiment. lons of mass 112 and 146 were used to
identity chlorobenzene and 1,3-dichlorobenzene, respactively. A plot of lon Inlensities as a
lunction of the concentrations of both chemicals is shawnin Fig. 20.

Idchiorotiucromethane (Freen lID

We detected Freon Ill in water by moniforing 1he ions of mass 101 which are the dominant
fragmant lons of this chemical. Because Freon lll is a gas, we purchased a stock solution

containing 200 ppb in water. Fig. 21 shows linear response of the membrane to Freon lIt from 15
to 200 ppb.

Ethylena Glycol

The Silastic™ membrane tubing responded poorly to ethylene glycol. Fig. 22 shows the
response of the membrane to 10 parts per million {ppm} of ethylena glycol. This chemical Is a
somewhat polar molecule. Therefore, the degree of permaability of this chemical is very low. Its
low volzalility may also contribute to the poor responsa.

We also replaced the Silastic membrane with the GE MEM-213™ mambrane. The rasults
of the experiment showed that ethylene glycol did not permeate the membrane. At present, we
have not found a most sultable membrane for ethylene glycol. However, Dow Corning membrane
can be used to detect ehtyleng glycol at a few ppm range.

18



AEDC-TR-90-33
Qil

Two types of cil were sent to us by Amold AFB: 7808 oil and Texaco Cappela WFE8.
Nether oll dissolves in water and It was therefore not possible 1o prepare slandard solutions of
known concentrations. Instead, emulsions were preparad by mixing 3 ml of oil In 50 mi of water,

and stiming produced small oil droplets in the emulsions. The oll emulsions were then introduced
into tha MI.

The mass speactra of the two oils permealing the membrane are shown in Figs. 23 (a) and
23 (b). It should be noted that oils in general are mixtures of hundreds to thousands of
hydrocarbon compounds. The Inleresting feature of the spectr a of these oils Is that there are
relatively few large mass pezks and that the large peak spectra are different, reflecting the fact that
the two ails are dilferent mixtures of hydrocarbons. Itis seen that ihe ion at 55 amu {C4Hg*) and
lons gt increments of 14 amu are prasent in both spectra (as is generally true in hydrocarbon cils) .
Of particular interest, however, Is the presence of an ion at 55 amut in the 7808 cil and at 69 amu in
the Taxaco Capella WF 68 oil, neither of which is a major ian in the spectrum of the other, and
which can be used as characteristic ions for single-ion moniloring. ©f particular signiticanca,
neither of these lon massas coincide with \he masses used in the measurements of the volatile
organic compounds which were on the fist of contaminants given to us by Amold AF Base and
which are of Interest to the EPA. This implies that single-lon monitoring may be capable of
concurrently monitoring for both oils and the volatile organics. (Of courss, after an alarm sounds In
single-ion monltoring, one would probably always want to take full mass specira in order 1o
positively confirm the conlaminant material's identily, which in many cases could identity the
location of the spill within a given facilily.)

The experimental method employed in these exploratory experiments, as noted above,
was 1o stir the oil to produce small emulsion droplets and then introduce the emuision into the MI.
Figs. 24 and 25 shown tha time response of the inslrument. The abrupl time dependence and
the large size of the signats (the amplitude in Fig. 25 actually saturated the data sysiem) suggests
that the compounds permeating the membrane came from a single large droplet.

Because we received the oil samples late in the project, there was neither sufficient time
nor funds 1o investigale belter ways to emulsify the ofis In water. We believe, however, that
emulsions with sufficlently small droplet size can be made, elther through magnetic or ultrasonic
emulsification methods, that the droplets would present an effactively continuous source of
exposure of the membrane surface to the oil droplets and allow quartative determination of the
MLXQMS technique for oil in water, in a manner analogous to quantitation of the volatile organics.
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CONCLUSIONS

The main concemns of these experiments wera the sensitivily, response time and memory
effects of the MVQMS instrument.

From the ionization comparison studies, we believe that El technique is more suilable for
the continuous water monitoring , due to its simplicity and the fact that El is also more sensitive
than Cl for the chemicals that we are interested in. Therefore, the El tachnigue was selected as a
means of ionization in this experdment,

The resulis of the experimenis show that tha detection Imit of & simple MI/QMS to several
volatile organic compounds can be lower than 20 ppb with a response time of a few minutes. The
QM3 that was used throughout the experiment was EXTREL's quadrupale which consists of four
3/8" OD rods. The sensitivity of the MI/OMS can be incrgased by 2-4 times by replacing the 3/8"°
OD rods with 3/4™ OD rods. This means using a bigger quadrupole would rasult in higher overall
sensitivity. Use of a membrane arrangement wilh a greater suriace area shoukl improve sensitivity
even further.

The MYGQMS responded linearly to all ithe chemicals used in this experiment. The variation
in the sicpe of the response curve for each compound Is caused by the differences In
permeability of the chemicals.

The response time and mamory eftects depend on the nature of the chemicals.
According to the experimenial results (see Fig. 26) , the response tima of the Ml to volatile organic
compounds is less than 2 minutes, at ~80 OC, in all cases axcept 1,3-dichlorobenzene,
Response time and decay time of most of the chemicals were approximataly equal. In most cases,
the memory eftects are not a serious problams.

It is imporiart to be realize that this Instrument, ke other process mass spectrometers,
provides a means of real time analysis of liquid samples, provided that ali the chemicals in the liquid
matrix are known. Once the chemicals in the matrices are identifled, a unique fragment ion of each
compound of interest will be chosen as a monitoring ion,

If there are more than two chemicals in a matrix that provide the same tragment lons , this
can cause problems in the determination of the quantities of the chemicals. For example,
considaring a mixture of toluens and o-xylenes, the fragment ions of both chamicals and His
intensities are listed in Table 1. The major [ragment ion of bath chemicals is an ion of mass 91.
The second most dominant ions of o-xylelne and iocliene are ions of mass 106 and 92,
respectively. Since toluene does not produce fragment ions of mass 106, these ions are uniqua
for o-xylenes and will be chosen for monitering xylenes.

The second most domihart ions of toluene are lons of mass 92 whose intensity is 62%
with respeci to the major dominant ion of mass 91, {see Table 1). However, there Is some
contribution of ions of mass 92 from ¢-xylenes. The intrenskity of lons of mass 92 from o-xylensa is
7% of the major dominant lons of xylenes, which are lons of mass 81. The second mast dominant
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TABLE 1 Eight peak Spectra of o-xylang and toluens,

COMPOUND NAME MW MASS TO CHARGE RATIOS

O-xylene 106 | 91 [ 108|105 | 77 [ 51 { 92 | 39 | 79
‘ [(100] | (58] | [27) { (11| (o) (8] | (71 | 7]

Toluene 92 | oi 92 [ 65 | 39 | 51 | 63 | 93 | 45
(10014 1e8] | {12] [ [9] | [€] | [€] | [5] | [4]

Note: [X] = ion intensity, MW = molecular weight

ions of xylenes are ions of mass 108 which are about 60% of lon of mass 91, To determine the
conceniration of toluene in the matsix, lons of mass 92 will be monitored. Due to small
contribution of fons of mass 92 from xylenes, some data manipulation is required. Thisis a
problem that Is routinely encountered in process mass spectrometry and can be solved by simple
calcu'ation. The calculation procedures will be handla by a computer. In this case, we need to
calculate the intenslty of ions of mass 92 which coms from xylenes. According to the Table 1(72,

: hoePQ = 100 x 06
(X} = giPQ x 007
where |1pg{X} and Iga{X) are intenslties of lons of mass 106 and 92 from xylenes, respactively.

Therefors, %’5—’% - 50_35_

k2 = lioe{X) x %7- = los(X x 0.116

Since 110s(X) Is a value measured by using a mass spectrometar, the lg2(X) can be evaluated from
the above equation. The concentration of loluene in the malrix can then be determined by
subtracting the calculated value of Ig2({X) from the lotal measured intensity of ion of mass 92,
1ga{TOTAL). For instance, the tolal intensily of lons of mass 106, l10g{TOTAL} is100 count and
the total Intensity of ions of mass 92, lg2(TOTAL) is 50 counts. Since the only chemical that

generates ions of mass 106 are xylenes,
l1og(TOTAL}) = l1gglX) = 10D counts

lo{X) = losX) x 0.118 = 100 x 0.116 = 11.6 counts
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The intensity of tha ions of mass 92 from toluene, lg2(T), can ba expressed as:
() = IgATOTAL) - Ig(X) = 50 - 116 = 38.4counis’s

Using this calcuation, one can extract the needed Information from the mass spactrometry data. If
there ara more than two compounds that provide the same fragment lons, the simple calculation
bacomes lengthy. This type of calculation can be easily handied by a computer, s0, we do not
foresee any problem with the calculation.

If two chemicals have the same ion fragment pattern, a mass spectrometer can not
distinguish these compounds. This situation ocours when the matrix consists of fwo isomers such
as 1,3 dichlorobenzene and 1,4 dichlorobenzena .

The advantages of ihe membrane Interface technique are its simplicity, 1ast rasponse time
and low detection limit. Water samples from several sampla localions can be analyzed
simullangcusly. The water samples can be introduced directly to the MIZQMS without prior
preparation. The MVQMS instrument is very rugged and needs anly minimum maimenance. Only
ona tubing membrane Inleﬂace_ was used throughout the course of this project.

It Is clear that, based on the Phase | experimental results, a fully automated MIZQMS
ingirument can be built right now for Arnold Air Force Base 1o operate on the non-palar
compounds of interest at the 15 ppb level and a 2 minute response time The only two
compounds in which the detection limit is higher than expected are ethylen glycol and ol
compounds. The instrument is able to detect ethylena glycal in the tow ppm lavel. As stated
earilier, oil forms emulsion in water rather than solulion; therefore H is gifficult to determine the
detaction limit for oil compounds. We will howaver, be abla to detect oif with this instrument.

Due to the low volatility and polarity nature of ethylene glycol, ihe detection limit of this
chemical was in the low ppm range. We believe that the detection limit of this chemical af the lavel
of & few ppm can be achieved if a larger QMS is used. The guantitly of this chemical is determined
by moniioring lons of mass 31, which is only one mass unit less than molecular ion of oxygen of
mass 32 amu. A minute amount of oxygen is always present In the vacuum chamber as a
background gas. Tharelore, it is usuatly difficult 1o maonitor ions of low Intensity, such as mass 31,
when itis present next 1o a intensity peak of mass 32 which comes from background oxygen. We
may be able 1o separate the oxygen background ions from the ethylene glycol by using a
supersonic molacular beam (SMB) technique. Therefare, if the SMB technique is applicable |, it
may be poesible to reduce the detection limit of ethylene gycol to a ppb leval.
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RECOMMENDATIONS

During the course of 1his project, we have learned that there are several features that can
be incorporated to the Instrument to improve the response time and the sensilivity. We suggest
that these modification should be included in the Phase Il of this SBIR project. Some of these
medifications ara:

1) Replacing ihe analog multiplier with a counting multiplier. The counting multiplier
operate at a higher gain and is more stable lhan the analog multiplier. An analog/counting
multiplier should also be considered for this instrument. This type of multiplier can be operated in
either the analog or the counting mode. Using the counting mode for multiplier operation will
increase 1the overall sensitivity of the instrument.

2) Operating the MI at the optimum temperature. In order 1o optimize the operating
temperature, the eftects of the membrane temperalure on ihe the response time and sensitivity
should be Investigated syslematically.

3] Using a quadrupole mass spectrometer with larger diameter rods would definitely
increase the lon signal.

4) The use of the "hyperthermal supersonic molecular beam” (HSMB) technique would
reduce the signal irom 1he background gases and resufl in higher sensitivity. This technique is
based on the co-axpansion of a supaersonic beam of the analyte molecule and carrier gas such as
hydrogen or hellum. As a resull of supersonic expansion, the kinetic energy of the analyte
moleculas is higher than thermal energy. The kinatic energy of the analyte molecules can be as
high as several electron volts (eV) depending on the their molecular weight. In contrast, the
background gas molecules have thermal energy (~0.1 eV). Due to the difference in their kinetic
enargies, background ions can be separated from analyte ions by adjusting the retarding potentiat
at an exit lens of the ionizer. The retarding potentlal will be set high enough to stop the
background ions but not enough to prevent the analyte lons from entering the QMS.

5) Due to the Tact that we recaived oll sample from the Armold Air Force Base at the end
of the project, we were nol able to study oll extensively. Furthermore, we have had some difficulty
in preparing standard mixiure of oil In water. Because oil is a mixture of many hydrocarbon
compounds and each oil is different In the mixture, we should be able 1o identify each type of ol
by monitoring a unique mass of the cil. We suggest further study of the mass specira of all types
of oll that are used at the Arnotd Alr force Base in order to find & unigue lon for each fype of oll.
The technique of homogenize oil emulsion also needs investigation. With sufficient time and
funding, we believe that the identification and quantification of cil in water can be accomplished.
The extensive study of il can ba done as a pari of phase |l project.
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